[1] The annual water storage changes at 12 watersheds in Illinois are estimated based on the long-term soil moisture and groundwater level observations during . Storage change is usually ignored in mean annual and interannual water balance calculations. However, the interannual variability of storage change can be an important component in annual water balance during dry or wet years. Annual precipitation anomaly is partitioned into annual runoff anomaly, annual evaporation anomaly, and annual storage change. The estimated annual storage change ratios vary from À60% to 40% at the study watersheds. The interannual variability of evaporation is not strongly correlated with the interannual variability of precipitation, but is correlated with the interannual variations of effective precipitation. As a response to the interannual variability of precipitation, the interannual variation of evaporation is smaller than those of runoff and storage change. The effect of annual water storage change increases the correlation coefficients between annual evaporation ratio and climate dryness index. Therefore, interannual water storage changes need to be included in the estimation of evaporation and total water supply in the Budyko framework. Effective precipitation can be used as a substitute for precipitation when computing evaporation ratio and climate dryness index. 
Introduction
[2] Long-term mean annual water balance at the watershed scale has been a fundamental research question in hydrological science:
where P, E, and Q are mean annual precipitation, evaporation, and runoff, respectively ; DS is the mean annual change of water storage. Budyko [1958] postulated that the partitioning of P, to first order, was determined by the competition between available water (P) and available energy measured by potential evaporation (E p ). On the basis of data sets from a large number of watersheds and the work of Schreiber [1904] and Ol'dekop [1911] , Budyko [1974] developed a relationship between evaporation ratio (E/P) and climate dryness index (E p /P). In the literature, other functional forms of Budyko-type curves have been developed for the long-term water balance [e.g., Pike, 1964; Fu, 1981; Choudhury, 1999; Zhang et al., 2001; Porporato et al., 2004; Yang et al., 2008; Gerrits et al., 2009] .
[3] Besides the climate dryness index, the effects of other variables on the mean annual water balance have been studied to explain the observed deviation from the Budyko curve, e.g., the competing effects of climate fluctuations and watershed storage capacity [Milly, 1994a [Milly, , 1994b , rainfall seasonality and soil moisture capacity [Sankarasubramanian and Vogel, 2002; Potter et al., 2005; Hickel and Zhang, 2006; Zhang et al., 2008] , the relative infiltration capacity, relative soil water storage, and the watershed average slope [Yang et al., 2007] , climate seasonality, soil properties and topography [Yokoo et al., 2008] , vegetation type [Zhang et al., 2001; Oudin et al., 2008] , vegetation dynamics [Donohue et al., 2007 [Donohue et al., , 2010 , and human activities [Wang and Hejazi, 2011] .
[4] Recently, water balance estimates at finer temporal scales have been studied, especially the interannual variability of precipitation partitioning. The Budyko-type functions have been extended to study the relationship between the annual evaporation ratio and annual climate dryness index [Yang et al., 2007 [Yang et al., , 2009 Zhang et al., 2008] . Potter and Zhang [2009] tested the relationship with six functional forms of Budyko-type curves and one linear model, and found that rainfall seasonality was important in determining the functional forms. Jothityangkoon and Sivapalan [2009] examined the effects of intra-annual variability of rainfall (e.g., storminess and seasonality) on the interannual variability of the annual water balance through the simulation of annual runoff in three semiarid watersheds in Australia and New Zealand.
[5] Similar to equation (1), the water balance at the annual scale is
where P i , E i , and Q i are annual precipitation, evaporation, and runoff at year i, respectively ; DS i is the annual water storage change at the watershed scale. The effects of water storage change on annual water balance have been considered in several studies. Pike's [1964] functional form was based on the interannual variability of water balance for four watersheds in Malawi. The annual changes in groundwater storage were accounted for by constructing depletion curves under which the area was integrated to obtain a relationship between flow and storage left in the watershed at the end of the dry season. The annual storage change is negligible compared with precipitation and runoff in the four watersheds ( Table 1 in the work of Pike [1964] ). Zhang et al. [2008] found that Fu's equation, one functional form of Budyko-type curves, performed poorly on estimating annual streamflow in some watersheds in Australia, and they explained that it might be because of the impact of watershed water storage, which could not be neglected at the annual scale. Donohue et al. [2010] studied the annual water balance at 221 watersheds in Australia and found that the effect of nonsteady state conditions was an important source of variation at the annual scale and needed to be accounted for. During multiyear droughts, the annual storage change in the Murray Darling Basin can be up to twice the annual streamflow [Leblanc et al., 2009] . Flerchinger and Cooley [2000] studied the water balance of the Upper Sheep Creek watershed, a 26-ha semiarid mountainous sub-basin within the Reynolds Creek experimental watershed in southwest Idaho, United States. During 1985 During -1994 , the minimum and maximum ratios of annual storage change (including soil moisture and groundwater) to annual precipitation were À0.45 and 0.2, respectively, with the average absolute value of the ratios over the 10 yr being 0.16. The average ratio of annual runoff to annual precipitation (i.e., runoff coefficient) was found to be 0.05. Thus, the annual storage carryover is significant in this watershed. Milly and Dunne [2002] accounted for the interannual storage change in the analysis of discharge variations for 175 large basins worldwide with a median area of 51,000 km 2 , and found that the annual storage change effect was important in some basins. Wang et al. [2009] found that the base flow-dominated basins in Nebraska Sand Hills exhibited a negative relationship between ðP i À Q i Þ=P i and E pi =P i when ignoring DS i , and that the interannual water storage change was not negligible because of the slow response of the base flow to the interannual change in precipitation.
[6] Therefore, the carryover of water storage, through interactions with seasonally varying climate inputs, will have an impact on the amount of runoff produced within the year, and hence mean annual water balance and the inter-and intra-annual variability of runoff yield and water balance [Zhang et al., 2008; Jothityangkoon and Sivapalan, 2009; Cheng et al., 2011] . The Budyko framework assumes the steady state of water balance at long-term averages, i.e., ÁS ¼ 0 in equation (1) [Donohue et al., 2007] ; but at the annual scale, the effect of water storage change on the water balance generally needs to be taken into account [Zhang et al., 2008; Donohue et al., 2010] . However, because of the limitation of data availability on E i and DS i , the annual evaporation is usually computed on the basis of E i ¼ P i À Q i by assuming the steady state condition, i.e., ÁS i ¼ 0 [e.g., Potter and Zhang, 2009; Yang et al., 2009] . It is necessary to examine the extent of which storage carryover affects the annual water balance using storage measurement data directly. To address this issue, this paper studies the interannual water storage change based on long-term soil moisture and groundwater level measurements in Illinois, and quantifies the impacts of storage change on the water balance at the mean annual and interannual scales. In section 2, the study watersheds and the corresponding data sets are introduced, and then the methods for estimating the storage change at the annual scale are described. The results and discussions are presented in sections 3 and 4, respectively. Conclusions are summarized in the section 5.
Data and Methods

Data Sets
[7] Both soil moisture and groundwater level observation data were obtained from the Illinois State Water Mean annual precipitation (P), potential evaporation (E p ), streamflow (Q), climate dryness index (E p /P), mean annual evaporation ratio (E/P) where E ¼ P À Q, the ratio of base flow to the total streamflow (Q s /Q), and the number of soil moisture and groundwater stations located in each watershed. Survey (ISWS). ISWS collected measurements of the soil moisture content at 19 locations throughout the state of Illinois as shown in Figure 1 , beginning at most sites in 1981 and ending at some stations in 2004 [Scott et al., 2010] . The soil moisture content is measured for the top 10 cm and then for 20 cm layers down to a depth of 2 m (i.e., a total of 11 layers) with the neutron probe technique, calibrated with gravimetric observations [Hollinger and Isard, 1994] . The soil moisture is routinely observed on a biweekly basis during the growing season (March-October) and monthly thereafter. The vegetation at all stations is rural grass, except for one station with bare soil measurements. Figure 1B shows the land use and land cover map. The main land use is agricultural land, which includes rural grassland where the soil moisture is measured. This data set has been documented by Hollinger and Isard [1994] in detail, and is part of the Global Soil Moisture Data Bank [Robock et al., 2000] .
[8] Since the 1960s, the Groundwater Division of ISWS has been collecting groundwater level data for shallow unconfined groundwater at 17 wells throughout the state of Illinois ( Figure 1 ). All of the wells are far from streams or pumping wells [Changnon et al., 1988] . The groundwater level is measured on monthly intervals.
[9] The data availability of long-term observations of soil moisture and groundwater level in Illinois provides a unique opportunity to study the annual storage carryover at the watershed scale. The soil moisture data set has been used to study the water balance in the Illinois River basin [Niemann and Eltahir, 2004] , to understand the characteristics of deep-layer hydrologic memory on surface energy fluxes [Amenu et al., 2005] , and to simulate the water balance in the Illinois River basin [Yeh and Eltahir, 2005] . The combined soil moisture content and groundwater level data have been used to estimate the monthly evaporation [Yeh et al., 1998 ] and to validate the total water storage variation estimates from the Gravity Recovery and Climate Experiment (GRACE) satellite data [Swenson et al., 2006] , both of which were done at the spatial scale of the entire state of Illinois. Recently, Yeh and Famiglietti [2009] applied the combined data sets to soil water balance computation for estimating the regional recharge to and evaporation from groundwater.
[10] The watersheds included in the international Model Parameter Estimation Experiment (MOPEX) data set, which includes the daily precipitation and streamflow data from 1948 to 2003 [Duan et al., 2006] , are selected for the analysis considering the locations of soil moisture and groundwater level observation sites. The MOPEX data set has been used to study the functional model of water balance variability and the sensitivity of fast and slow runoff components to precipitation change . Monthly potential evaporation, which is computed by the Priestley-Taylor method, is aggregated into annual values at the watershed scale [Priestley and Taylor, 1972; Zhang et al., 2010] . Twelve MOPEX watersheds, which cover or are close to soil moisture and groundwater measurement stations, were selected for the analysis in this study (panel A in Figure 1 ). The number of soil moisture and groundwater stations located in each watershed is shown in Table 1 , which also shows the drainage area, mean annual precipitation, potential evaporation, streamflow, climate dryness index, mean annual evaporation ratio (E/P), the ratio of base flow to the . In the 12 watersheds, the mean annual precipitation varies from 887 mm to 1091 mm; the climate dryness index is in a small range from 0.91 to 1.08; and the mean annual evaporation ratio ranges from 0.66 to 0.72.
Estimation of Annual Storage Change
[11] The total water storage change for a watershed at year i includes three storage components:
where ÁS sm;i is soil moisture change; ÁS gw;i is unconfined groundwater storage change; ÁS sw;i is the surface water storage change such as snow pack and lakes. The confined aquifer storage change is assumed to be negligible or the interaction between the deep confined aquifer and the surface water is negligible. The water balance is accounted for based on water year, and the water storage change is computed based on the difference of storage in September from consecutive years. Since there is no snow storage in September in the state of Illinois and since surface water storage is small compared with the soil moisture and groundwater storage, ÁS sw;i is assumed to be negligible [Yeh et al., 1998 ]. There is no significant reservoir or lake within the watersheds except the one draining to gauge station 5593000 ( Figure 1B ). Rodell and Famiglietti [2001] demonstrated that surface water storage variability in Illinois was, in nonflood years, at least an order of magnitude smaller than soil moisture and groundwater variability.
[12] The spatial distribution of soil moisture, groundwater level, and streamflow observations are shown in panel A of Figure 1 . Based on the data availability, the annual storage change and its impact on interannual water balance are investigated during the water years from 1982 to 2003. There are two issues for estimating the annual carry-over of water storage using this data set: in some years and observation sites, soil moisture or/and groundwater table observation data are missing in September, which is the ending month of each water year; and there are no soil moisture and water table observations located within some watersheds ( Figure 1 and Table 1 ). Therefore, the soil water content and groundwater level depth are interpolated spatially. In September of each year, a soil water content map and a groundwater level depth map are generated based on the inverse distance-weighted (IDW) method in ArcGIS. For demonstration purposes, Figure 2 shows the interpolated surfaces of groundwater depth (panel A) and soil water content (panel B) in September 1988. If observations located in a watershed are available, the original observation data is used to estimate the storage change. For a watershed in which there is no observation site or the measurement is not available in a month for the site located in the watershed, the interpolated field is used to compute the soil water content or groundwater level, i.e., the spatial average over the watershed. If a watershed is covered partially by the generated interpolation surface, the storages in uncovered areas are assumed to be same as the average values in the covered area. Therefore, the spatial interpolation is used to fill the missing data at spatial and/or temporal domains. As shown in Figure 1 , both soil moisture and groundwater level observation sites are available within three watersheds (3345500, 3381500, and 5593000); soil moisture observation sites are available within three watersheds (5435500, 5440000, and 5570000); groundwater level observation sites are available within four watersheds (5552500, 5447500, 5584500, and 5592500); no observation site is available within two watersheds (5585000 and 5594000). [13] The soil moisture storage change is computed by the difference of total soil water content at the top 2 m soil between two consecutive years. Changes in groundwater depth are converted to changes in groundwater storage by multiplying the specific yield which is in the range of 0.08-0.1 [Yeh et al., 1998 ]. To be conservative on the effect of storage change, a value of 0.08 is used in this paper so that the lower value of specific yield will result in less groundwater storage change estimation, which is the product of a water level change and specific yield. The water level in shallower wells can be <2 m in depth, which implies that the soil moisture data may at times include water in both the root zone and the saturated zone. Following Swenson et al. [2006] , to avoid the repetitive accounting of groundwater storage, if the water table depth is <2 m deep, the water table depth is set to 2 m in the computation of groundwater storage change.
[14] The long-term average storage change can be computed from the annual storage changes:
where N is the total number years for the long-term average. Generally, ÁS i is positive in wet years and negative in dry years, and ÁS is negligible with a large enough value of N.
Anomalies of Precipitation, Runoff, and Evaporation
[15] The interannual variability of storage change responding to the variability of interannual precipitation is investigated. Subtracting equation (1) from equation (2), with negligible long-term mean annual storage change (DS) one obtains:
whereP i is the annual anomalous precipitation at the year i and is defined asP
Similarly,Q i andẼ i are the annual anomalous runoff and evaporation, respectively. The partitioning of mean annual precipitation can be characterized by the Budykotype curves. The effective precipitation anomaly, which is the difference from anomalous precipitation and storage change (P i À ÁS i ), will be partitioned into runoff and evaporation anomalies at the annual scale. If the annual storage change is negligible, evaporation and runoff anomalies sum to the precipitation anomaly [Milly and Dunne, 2002] . The ratio of runoff anomaly to precipitation anomaly,Q= iP i , is usually called sensitivity of runoff to rainfall [Schaake, 1990; Dooge, 1992; Milly and Dunne, 2002; Harman et al., 2011] .
Results
[16] The storage changes at two temporal scales are presented: mean annual and interannual storage carryover.
The responses of runoff, evaporation, and storage change variations to the climate variability are investigated based on the daily precipitation, potential evaporation, and streamflow data. To evaluate the impact of spatial interpolation (i.e., IDW) on the estimation of annual storage change, the obtained DS sm,i and DS gw,i from IDW and the original point-based observation are compared for the watersheds with observation sites when the measurement is available (Figure 3 ). For DS sm,i (panel A), most data points are along the 1:1 line but the IDW-based estimation tends to overestimate the storage change compared with the point-based estimation. The bias is due to the spatial heterogeneity of soil moisture. For DS gw,i (panel B), the IDW-based estimation matches the original point-based observation very well for most data points. The IDW-based estimation of DS gw,i tends to underestimate the storage change compared with the point-based estimation. Comparing the soil water storage change and groundwater storage change from the point-based observation, the groundwater component has a greater storage capacity than the soil component; DS sm,i and DS gw,i are comparable but the groundwater storage has Figure 4 shows the ratio of average annual storage change to mean annual precipitation, DS/P, for each watershed. Among the 12 watersheds, the minimum value of DS/P is À2.6%, the maximum value is 1.4%, and the average value of jÁS=Pj is 0.9%. In this study, the value of N is 22, and the storage change is considerably small compared with the mean annual rainfall ; thus, if N is large enough (e.g., N > 30 yr), DS is indeed negligible.
Annual Storage Change 3.2.1. Annual Soil Moisture Storage Change Versus Annual Groundwater Storage Change
[18] The storage change includes two components in the study watersheds: soil water storage change and groundwater storage change. Lo et al. [2010] studied the estimated GRACE total water storage anomalies against the observed water table depth averaged over Illinois for the period of [2003] [2004] [2005] and found the correlation coefficient between total water storage anomalies and water table depth to be 0.87. Thus, the total storage change and the groundwater level fluctuation is highly positively correlated. Figure 5 plots the annual soil moisture storage change versus the annual groundwater storage change from all 12 watersheds (the data points are excluded when the water table depth is lower than 2 m). The correlation coefficient between DS sm,i and DS gw,i is 0.4. The lower bound of the storage change of soil moisture is around À200 mm except five points, which are due to interpolation errors as shown in Figure 3 . Groundwater storage changes are in the range between À300 mm and 300 mm.
Annual Total Water Storage Change
[19] The estimated annual total water storage changes are presented in section 3.2.2. The histogram of the annual storage change ratio, which is defined as the ratio of annual storage change (DS i ) to annual precipitation P i , from all 12 watersheds in all of the years is shown in Figure 6 . The mode of the distribution is approximately of zero value of annual storage change ratio. The distribution has a longer and thicker tail of negative valued DS i /P i . Excluding the points in the outliers from spatial interpolation, the minimum and maximum annual storage change ratios are À60% and 40%, respectively. Figure 7 shows the exceedance probability distribution of the absolute values of annual storage change ratios for all of the watersheds in all years. Values of jÁS i =P i j are larger than 10% during 40% of the years and larger than 5% during 70% of the years. Therefore, neglecting interannual storage carryover during wet or dry years can be problematic in the watersheds of study. [20] In order to compare the annual anomalies between watersheds, the annual precipitation anomaly ratio is defined as jP i =Pj; where P is the mean annual precipitation for the corresponding watershed. The annual storage change ratio (DS i /P) versus the annual precipitation anomaly ratio from all of the watersheds is shown in panel A in Figure 8 . The correlation coefficient between DS i /P and P i =P is 0.42. According to the Budyko curve, the sensitivity of runoff to rainfall change is closer to 1 under energylimited conditions, but closer to 0 under water-limited conditions [Koster and Suarez, 1999] . The study watersheds are located in the equivalent climate region where E p /P is $1.0. The correlation coefficient betweenQ i =P versus P i =P is high, up to 0.73 as shown in panel B; but the annual evaporation anomaly ratioẼ i =P andP i =P are poorly correlated, with a coefficient of 0.02 (panel C). The annual evaporation anomaly ratioẼ i =P versus the annual effective precipitation anomaly ratio, ðP i À ÁS i Þ=P, has a correlation coefficient of 0.71 as shown in panel B. Therefore, the interannual variability of evaporation is not strongly correlated with the interannual variability of precipitation, but is correlated with the interannual variations of effective precipitation. This suggests that the interannual variability of evaporation in the study watersheds is mainly dependent on precipitation anomaly and the annual storage carryover. Figure 9 shows annual E i /P i versus E pi /P i in the Budyko framework for all 12 watersheds with the annual evaporation estimated by two water balance methods: first, the annual storage change is assumed to be negligible, i.e., E i ¼ P i À Q i ; and second, the annual storage change estimated from the soil moisture and groundwater level observation is used to estimate the annual evaporation, i.e., E i ¼ P i À Q i À DS i . The evaporation data of black dots are from the first method assuming DS i ¼ 0, and the evaporation data of red stars is adjusted by the estimated annual storage change. Because of the effects of annual water storage carryover, the data points tend to move upward for large values of dryness indexes but move downward for small values of dryness indexes as compared with the case ignoring annual carryover. Especially for very high values of dryness index (for example, watershed 5435500 in Figure  9 ), the evaporation can exceed precipitation because the water storage is utilized for the water supply during dry years. As shown in Figure 1B , the main land use in the study watersheds is agricultural land and the human activities such as urbanization are minimum. Therefore, the groundwater pumping, if it exists, is mainly for irrigation. Under these circumstances, the total supply of water includes both precipitation and soil water storage. For example, one data point, which is the year 1988, is located above the line of E i /P i ¼ 1 for watershed 5435500. The values of E i /P i and E pi /P i are 1.1 and 1.7, respectively, and the soil moisture change is À105 mm, and the groundwater storage change is À188 mm. For watershed 5447500, the values of E i /P i and E pi /P i in 1988 are 1.1 and 1.6, respectively, and the soil moisture change is À117 mm, and the groundwater storage change is À205 mm, where the groundwater storage change is twice of soil moisture storage change. Extreme drought occurred during 1988 in North America, which included Illinois [Trenberth et al., 1988; Lamb, 1992] . During this drought year, annual evaporation exceeded the annual precipitation. Watersheds with E i > P i have been reported in Australia and India [Talsma and Gardner, 1986; Calder et al., 1997] , and the water use by Eucalyptus species is greater than rainfall input during dry years.
[22] As shown in Figure 9 , compared with data points assuming DS i ¼ 0, the scattering of data points considering storage carryover is stretched along the vertical direction. This makes the data points behave more linearly even though some data points behave more nonlinearly. Cheng et al. [2011] analyzed the relationship between annual evaporation ratio and potential evaporation ratio over 500 watersheds in the United States and found that a strong linear relationship exists, and they discussed the controlling factors on the linear relationship such as climate, soil water storage, vegetation, and human activities. Figure 10 shows the correlation coefficients between annual and potential evaporation ratio for all 12 watersheds under the two methods of evaporation estimation. The effect of annual water storage change increases the correlation coefficient between annual E i /P i and E pi /P i . As shown in Table 1 , the mean annual climate of the study watersheds is located in the transition from energy-limited region to water-limited region. In dry years, the water limitation effect is mitigated by the water supply through soil water storage. Therefore, the data points in dry years continue the trend of being located in the energy-limited region instead of becoming flat which is represented in the Budyko curve.
[23] In the Budyko framework, the dryness index is the ratio between the supply of energy and the supply of water, and the evaporation ratio is the ratio between the evaporation and the supply of water. It is reasonable that precipitation is used to represent the total water supply under steady state conditions and when no lateral water flow occurs. Other sources of water supply, if they exist, should be included in the denominators of the climate dryness index and evaporation ratio. For irrigated watersheds in arid regions, Han et al. [2011] took the sum of annual precipitation and irrigation water withdrawal as the total water supply under the Budyko framework. Under nonsteady state conditions water supply is also affected by natural water storage changes and the supply of water beyond just precipitation. Therefore, total water supply can be represented by effective precipitation (P i À DS i ). Correspondingly, the evaporation ratio and climate dryness index in the Budyko framework can be calculated by E i /(P i À DS i ) and E Pi /(P i À DS i ), respectively. Figure 11 shows the annual evaporation ratio and dryness index using effective precipitation for each watershed. It is intriguing that the red dots in Figure 9 are move back into a more Budyko-like distribution.
Uncertainty in Storage Change Estimation
[24] The uncertainty of the storage change estimation should be recognized. The spatial variability of soil moisture under a seemingly uniform condition increases with Figure 10 . Correlation coefficients between annual evaporation ratio and potential evaporation ratio for each watershed from two methods of estimating annual evaporation: assuming annual storage change is negligible, and annual storage change estimated from soil moisture and groundwater level observations. [Scott et al., 2010] . The long-term observations of volumetric soil moisture were conducted under land cover of rural grassland and most of Illinois is under an agricultural cover. There are five major factors affecting the accuracy of the estimated watershed water storage. First, the in situ soil moisture observations contain measurement errors, due to the imperfect relationship between the calibrated neutron probe response and the true soil moisture content, and the uncertainty of the volumetric soil moisture made in Illinois to be $5%-10% [Hollinger and Isard, 1994] . This uncertainty effects may be cancelled out on the change of watershed water storage. Second, consideration of the interpolation of soil moisture and the water table depth in the spatial coverage of the watersheds. Third, the soil moisture is measured on a bi-weekly basis, and the soil moisture measurement at the end of September (usually during approximately 26-29 September) is used for computing the interannual soil moisture storage change. Soil moisture, especially at the top layers, may vary significantly during the measurement period. Fourth, a constant value of groundwater specific yield is used (i.e., 0.08) based on the literature. Fifth, consider that spatial interpolation of soil moisture and groundwater level when pointbased observation is not available.
Summary and Conclusions
[25] This paper aims to examine the extent to which water storage carryover affects the annual water balance. The interannual variability of soil water storage changes at the watershed scale is quantified directly using the longterm observations of soil moisture and groundwater level data in Illinois. The approach is applied to a total of 12 watersheds on the basis of the available data sets. The mean annual storage change is indeed negligible in the mean annual water balance, since the mean annual storage change ratios (DS/P) vary from À2.6% to 1.4% and the average of absolute value is 0.9% at the study watersheds. However, the interannual variability of storage change can be a significant component in annual water balance during dry and wet years, since the annual storage change ratios (DS i /P i ) vary from À60% to 40% in the study watersheds where the interannual soil water and groundwater storage changes are comparable.
[26] The effect of soil water capacity decreases the sensitivity of annual evaporation to the interannual variability of precipitation. The partitioning of the annual precipitation anomaly into annual streamflow and evaporation anomalies is buffered by the interannual storage change. The correlation coefficients of the annual precipitation anomaly ratio versus the annual runoff anomaly ratio, annual storage change ratio, and annual evaporation anomaly ratio are 0.73, 0.42, and 0.02, respectively. The annual evaporation anomaly ratio is positively correlated with the annual effective precipitation anomaly ratio and the correlation coefficient is 0.71. If soil water storage changes were ignored, the interannual variability of storage change would be counted in the evaporation variations, and the interannual variability of evaporation would be overestimated considerably.
[27] Because of the effects of annual water storage carryover, the data points in the Budyko framework move upward for large values of dryness indexes but move downward for small values of dryness indexes as compared with the case ignoring annual carryover. Groundwater storage plays a more significant role, relative to soil moisture storage, on the annual water balance in drought years. For very high values of dryness index, the evaporation ratios can exceed the water limit due to the buffering of water storage capacity, especially groundwater storage. The effect of the annual water storage change increases the correlation coefficient between the annual evaporation ratio and the annual potential evaporation ratio.
[ Donohue et al. [2010] , demonstrate that storage change at an annual timescale may need to be considered unless steady state conditions can be explicitly demonstrated in study watersheds. Under nonsteady state conditions, water storage changes need to be included in the estimation of evaporation and total water supply. Effective precipitation can be used as a substitute for precipitation when computing evaporation ratio and climate dryness index.
